Abstract -In recent years, the debasement of the power quality of a distribution system such as deterioration of voltage imbalance and current imbalance or the increase of harmonics has been apprehended with diversification of the load by progress of power electronics technology and with increase of the amount of connection of a distributed generators for home use with the reduction of the effect on the environment. In this paper, the authors propose the restraint method of harmonics and improvement of voltage imbalance in distribution system utilizing the power conditioner systems of photovoltaic systems and verify the validity of the proposal method by the numerical calculation using an analytical model of distribution system.
Introduction
In recent years, the total number of distributed generation (DG) such as photovoltaic generation (PV) system and wind power generator system connected to the distribution system has been increasing because of the reduction of effects on the environment in Japan. In the distribution system, it is necessary to keep reliability of power and power quality. However, the harmonic troubles in a distribution system are apprehended in the background of the increase of connection of DGs through the inverters and the spread of the power electronics equipments. So far, the authors had studied the influence which harmonics generated from DGs has on harmonics of distribution network [1] and the restraint method of harmonics in a distribution system by active filters (AFs) [2] .
In this paper, the authors propose a restraint method of voltage total harmonic distortion (THD) in a whole distribution system by AF operation [3] of distributed generation with inverter (PCS: Power Conditioner System). Moreover, the authors propose a determination method of the optimal gain of AF operation so as to minimize the maximum value of voltage THD in the distribution system by real-time feedback control with measured data from the information technology (IT) switches of distribution line. In the proposed method, the harmonic voltages in the distribution system are restrained by using DGs with PCS effectively as AFs, and then, the voltage THD are restrained in the whole distribution system. Since the harmonics in the distribution system vary from hour to hour, the optimal gains are determined and are changed with a comparatively short time period based on the instant data obtained from IT switches.
In order to verify the validity of the restraint method of voltage THD using measurement data form IT switches, the numerical calculations are carried out by using an analytical model of distribution system which interconnected DGs with PCS. Since it is possible that the restraint of harmonic voltage in a certain point has a bad influence on the other points and the other feeders when the harmonic voltage is restrained with AF operation of DG at a certain point, the voltage information of IT switches are exchanged between each feeder, it analyzes about the AF operation in consideration of the influence on the other feeders. And it is verified whether the restrictive effect of voltage harmonic distortion is obtained in the whole distribution system. The proposal method restrains the voltage THD in the whole distribution system by restraining voltage harmonics by utilizing PCSs of DG as AF, and the voltage imbalance factor by controlling interconnected power factor of PCSs. At this time, the voltage THD of distribution system is controlled below on the environmental target level of Japan [4] . Since the harmonics vary instantaneously in a distribution system, the harmonics are restrained in real time by obtaining the magnitude and phase of voltages at each point from a number of IT switches' data. The outline of proposed improvement method of power quality is shown in Fig. 1 
Improvement method of voltage imbalance rate by controlling power factor and determination method of optimal power factor
The interconnected power factor is changed based on the information from IT switches. Where, the constraint condition in the power factor is assumed to be over than 0.85. The decision procedure of optimal power factor of PCSs is shown as follows, and the evaluation formula of voltage imbalance factor and constraints are shown in (1)-(3). Fig. 2 shows the flow chart for decision of interconnected power factor of PCSs.
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Restraint method of THD by AF operation of PCS and determination method of optimal gain of AF operation
The gain in case the maximum value of voltage THD of distribution system is settled below in the control target value is determined as the optimal gain of AF operation of PCS under the constraints. The control target value refers to this environmental target level and is determined so that it can respond to the rapid variation of harmonics. Where, the priority is given to the effective output of PV system at the time of peaking capacity of daytime of PV system, and the compensation current of AF operation of PCS is set up in upper limit. The decision procedure of optimal gain of AF operation of PCS is shown as follows, and the evaluation formula of voltage THD and constraints are shown in (4)- (8) . Fig.3 shows the flow chart for decision of gain of AF operation.
[ , add the minute gain (ΔKv) and return to procedure 2. Else the gain that memorized at procedure 5 will be determined as the optimal gain, and then finish.
In addition, since the harmonics vary from hour to hour in the distribution system, for example, the optimal gain is determined based on the information of voltages of the past a few minutes and the maximum of voltage THD is controlled every several minutes.
(Evaluation formula of voltage THD)
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Modeling of Harmonic Sources and Active Filters

Modeling of harmonic sources
In this study, it is assumed that the harmonics are occurred from the high voltage system, each nonlinear load, and each DG with PCS. The harmonics voltage generated from a high voltage system is modeled as the voltage source and the harmonics current generated from each nonlinear load is modeled as the current source. These harmonic sources are modeled based on practical data by the Electric Technology Research Association of Japan [5] , [6] . In addition, the harmonics current generated from each DG is modeled as the current source, and its current THD is set as the upper limit (5%) defined by the interconnection of power system regulation of Japan [7] . In this study, the 5th and 7th typical harmonics are assumed to be an analytical object. The each harmonics current or voltage is decided with the product of the fundamental wave and the content of each harmonics.
Modeling of AFs
Although there are a series type, parallel type, and series parallel type in AF according to the connection form of the equipment between a power supply and load, in this study, the common parallel type is decided to use. In a harmonic circuit, the filter gain K v operates as pure resistance of 1/K v [Ω] to harmonics, from the relation of voltage and current of an installing point [8] . And so, in this study, AF operation is modeled by installing resistance in parallel with DG.
Numeric Examples
In order to verify the validity of the proposed restraint method of voltage THD and determination method of optimal gain for AF operation of DG, the numerical calculations are carried out by using an analytical model of distribution system which interconnected DGs with PCS.
Calculation conditions of numerical examples
The analytical model used for calculation is shown in Fig.  4 . The balanced load of a downtown is connected to 8 nodes of the analytical model. The line length between nodes is 0.5km (total line length is 4.0km), and each line is assumed the aluminum wire (AL-OE120). DGs are modeled on the current source as PV system. The 24-hour load current and power factor and the output of connected PV is shown in Fig. 5 (a) and (b) , respectively. The total capacity of PV systems is 9.2Arms which is 50% of the total load at peak load. The analysis is carried out for every hour. In this study, the filter gain K v is searched from 0.01 to 1000. Fig. 7 shows the improvement effect of maximum of voltage imbalance rate by power factor control of PV at each time period. In Fig. 7 , the maximum of voltage imbalance rate improved all daytime period. 
Improvement effect of voltage imbalance rate by controlling power factor
L T R S Distribution Substation L L L L L L L L L L L node 1node 2 node 3 node 4 node 5 node 6 node 7 node8 L T R S L L L L L L L L L L L L L L L L L L L L L L L node 1 node 2 node 3 node 4 node 5 node 6 node 7 node 8 L L L L L L L L L L L L L T R S Distribution Substation L L L L L L L L L L L node 1node 2 node 3 node 4 node 5 node 6 node 7 node8 L T R S L L L L L L L L L L L L L L L L L L L L L L L node 1 node 2 node 3 node 4 node 5 node 6 node 7 node 8 L L L L L L L L L L L L ：Load (No PV) ：Switch (open) ：Switch (close) ：Load (with PV) L L ：Load (No PV) ：Switch (open) ：Switch (close) ：Load (
Restrictive Effect of Voltage THD by AF Operation
In this chapter verifies the effect of AF operation. Fig. 8 shows the control effect of maximum of voltage THD by AF operation of PV at each time period. In Fig. 8 , voltage THD value is controlled to under environmental level at all time period. Fig. 9 shows the control effect of THD. In Fig.  9 , voltage THD value is controlled before AF operation. Fig. 10 and Fig. 11 show the transition of fifth voltage at each time period. In Fig. 10 , fifth voltage value is decreased by AF operation in feeder1 which PVs are connected. In Fig.  11 , fifth voltage value is decreased by AF operation in feeder2 which PV is not connected. Fig. 12 shows the PCS capacity of using AF operation at each time period. In Fig.  12 , PVs which connect to phase S use much ratio compensating capacity. Maximum of compensating capacity is 1.6 kVA (node8, phase S, 13 o'clock) for one DG. This value is 0.08% in total load of distribution system. 
Conclusion
The authors proposed the restraint method of voltage THD in the whole distribution system by utilizing PCSs of DG as AF using measurement data form IT-switches and the determination method of optimal gains of AF operation of PCSs. In order to verify the validity of the proposed method, the numerical calculations were carried out by using an analytical model of distribution system which interconnected DGs with PCS. Moreover, the restrictive effect of voltage THD at distribution system by the determined optimal gains of AF operation of PCSs was verified. From the results, it was confirmed that the maximum of voltage THD was reduced by applying the optimal gains of AF operation.
